. MEASUREMENTS: Thirty-day mortality and failure to rescue (death after a complication). RESULTS: Controlling for hospital, procedure, and individual characteristics, each 10% increase in the proportion of BSN nurses was associated with 4% lower odds of death (odds ratio (OR)50.96, 95% confidence interval (CI)50.93-0.98) for individuals without ADRD, but 10% lower odds of death (OR50.90, 95% CI50.87-0.94) for those with ADRD. Each 10% increase in the proportion of nurses holding a BSN degree or higher was associated with 5% lower odds of failure to rescue (OR50.95, 95% CI50.92-0.98) for individuals without ADRD but 10% lower odds of failure to rescue (OR50.90, 95% CI50.87-0.94) for those with ADRD. CONCLUSION: Individuals undergoing surgery who have coexisting ADRD are more likely to die within 30 days of admission and die after a complication than those without ADRD. Having more BSN nurses in the hospital improves the odds of good outcomes for all individuals and has a much greater effect in individuals with ADRD.
I ndividuals with Alzheimer's disease and related dementias (ADRD) are at high risk for adverse outcomes during hospitalization, [1] [2] [3] [4] [5] especially after surgery. 6 Although all older adults are at greater risk of postoperative morbidity and mortality than younger individuals, 7 those with ADRD are particularly vulnerable because of high delirium risk, [8] [9] [10] [11] frailty, 12, 13 more comorbidities, [14] [15] [16] mobility limitations, 3, 17, 18 nutrition risk, 3, 4, 18 and impaired communication. 19 Nurses serve as the primary clinical surveillance system in hospitals and are responsible for monitoring patients and keeping them safe. [20] [21] [22] [23] [24] [25] [26] Because they are at the bedside 24 hours a day, they are best positioned to identify complications and intervene early, 25, 27 something that is particularly important in individuals with ADRD, who often cannot recognize a problem or clearly signal for help when needed. Nurses are also responsible for maintaining the safety of individuals with ADRD in an inpatient environment that can be disorienting. 28, 29 Over a decade of research has demonstrated that individuals cared for in hospitals with more nurses holding a Bachelor of Science in Nursing (BSN) degree or higher have better outcomes, including lower mortality, [30] [31] [32] [33] [34] lower rates of failure to rescue (death after a complication), 30, 31 fewer readmissions, 33 and shorter stays. [30] [31] [32] [33] We investigated whether care in a hospital with more BSN nurses was associated with better outcomes for individuals with ADRD undergoing surgery and mitigated some of the risk that coexisting ADRD confers on those individuals. First, we examined the direct effects of ADRD and BSN education separately on mortality and failure to rescue. Then, we examined the interaction effect of ADRD and BSN education on these outcomes to see whether BSN education had a different effect on individuals with ADRD than on those without. We hypothesized that having a greater proportion of BSN nurses would be associated with lower mortality and rates of failure to rescue for all individuals but that the effect would be greater for individuals with ADRD. The nurse survey was aimed at obtaining extensive detail on elements of nursing care organization from hundreds of hospitals, using nurses as informants. Surveys were mailed to a 50% random sample of licensed registered nurses in New Jersey, 40% random samples in Pennsylvania and California, and a 25% random sample in Florida. Nurses reported where they worked, and their responses were aggregated to their employer. The advantage of obtaining data directly from nurse informants is that it yields information on virtually all hospitals of more than 100 beds, thus avoiding response bias at the hospital level. The survey had a 39% response rate at the nurse level. A survey of 1,300 nonresponders yielded a 91% response rate and found no significant differences in variables of interest between responders and nonresponders to suggest bias. 35 Details of the nurse survey methodology are described elsewhere. 30 
METHODS

Design and Data Sources
Study Population
The sample included 353,333 Medicare beneficiaries who underwent general, orthopedic, or vascular surgery in one of 531 hospitals in California, Florida, New Jersey, and Pennsylvania. Individuals were included if they had been enrolled in Medicare Parts A and B fee for service for 12 months continuously, except in the case of death; were aged 65 and older; were discharged from an inpatient hospital stay between January 1, 2006, and October 1, 2007; and had a diagnosis-related group (DRG) classification for general, orthopedic, or vascular surgery. Approximately 17% of Medicare beneficiaries in our study hospitals without ADRD and 8% with ADRD underwent one of these surgeries. Hospitals were included if outcomes data were available for at least 50 individuals and if there were at least 10 direct care nurses from the hospital represented in the nurse survey. 36 The mean number of nurse respondents per hospital in our sample was 66.
Participants were classified as having ADRD if their claims data contained a Chronic Conditions Warehouse (CCW) flag for ADRD. CMS generates these flags based on an algorithm that searches for designated International Classification of Diseases, Ninth Revision (ICD-9) codes within a 3-year lookback window in inpatient, skilled nursing, home health, hospice, and physician claims. The CCW contains flags for Alzheimer's disease alone and ADRD. We chose to use the ADRD flag because it has high sensitivity with reasonable specificity for identifying individuals with dementia. 37 The CCW flag for ADRD is based on 24 ICD-9 codes that identify Alzheimer's disease, vascular dementia, and frontotemporal dementias, as well as more generic diagnoses for dementias without an underlying disease process specified. To prevent the inclusion of individuals diagnosed during or after the incident hospitalization, individuals in our sample were classified as having ADRD only if the initial date of the CCW flag preceded the hospital admission date.
Variables and Measures
Participant outcomes
Our main outcomes of interest were death within 30 days of hospital admission and failure to rescue. Failure to rescue is defined as death within 30 days of admission of an individual who experienced serious complications. 38, 39 Claims records were scanned to identify 39 different complications based on secondary diagnosis and procedure ICD-9 codes and DRG codes using previously established criteria. 38 
Main predictor variables
Our primary independent variables were ADRD and BSN education. ADRD was a binary variable representing the presence or absence of dementia, which was determined as described above. BSN education was a continuous variable indicating percentage of nurses per hospital holding at least a BSN degree. This measure was derived from the nurse survey by aggregating to the hospital level nurse respondents' reports of highest level of education achieved. We used this hospitallevel measure to account for the fact that individuals undergoing surgery are usually cared for on multiple units during their hospitalization and because it is less prone to measurement error and potential bias than unit-level measures since it is based on a much larger sample of nurses. The hospital-level measure of the proportion of BSN nurses was highly correlated (correlation coefficient50.86) with the proportion of BSN nurses on 5 types of units that typically care for individuals undergoing surgery: operating room, recovery room, intensive care units, medical-surgical units, and telemetry units. Prior work has demonstrated that this hospital-level measure has substantial predictive validity for measuring the educational composition of nurses in hospitals.
31,32
Covariates
To reduce confounding that differences in individual risk or severity of illness and structural hospital characteristics that might be associated with our predictor or outcome of interest could introduce, we controlled for a number of factors related to patients and hospitals. We used the Elixhauser risk adjustment method 40 to incorporate 27 comorbidities (excluding fluid and electrolyte disorders and coagulopathy). 41, 42 We controlled for the individual comorbidities as well as a separate multimorbidity variable indicating the presence of 2 or more comorbidities. Other individual covariates were age and a dummy variable based on DRG code indicating type of surgery. Hospital characteristics were obtained from the American Hospital Association annual survey of hospital organizational characteristics and included bed size, teaching status, and technology status. Bed size was a continuous variable representing number of beds in each hospital. Teaching status was the ratio of medical residents or fellows to hospital beds and was categorized as nonteaching (no medical residents or fellows), minor teaching (1:4), or major teaching (>1:4). Technology status was a binary variable representing whether the hospital had capacity to perform open heart surgery or major organ transplantation.
Statistical Analysis
Descriptive statistics were generated to examine characteristics of study hospitals and determine differences between individuals with and without ADRD. We then generated a series of logistic regression models to estimate the unadjusted and adjusted effects of ADRD on our outcomes, the unadjusted and adjusted effects of BSN education on our outcomes, and the interaction effects of ADRD and BSN education on our outcomes in models fully adjusted for individual and hospital characteristics. The first 2 model categories allowed us to identify if there were (separately) outcomes differences between hospitals with different levels of nurse education or between individuals with and without ADRD. The final model allowed us to answer the primary research question of whether the effect of education is similar for individuals with and without ADRD. Using the estimates from our fully adjusted interaction model, we plotted predicted probabilities of mortality and failure to rescue at varying proportions of BSN nurses for hospitals so that we could identify what the implications might be for individuals with ADRD if they were to receive care at hospitals with varying levels of nurse education. Data were analyzed using Stata version 15.0 (Stata Corp., College Station, TX). The University of Pennsylvania institutional review board approved this study. Table 1 depicts characteristics of the 531 hospitals in our sample. The proportion of nurses holding a BSN degree or higher varied between hospitals (0-73.9%, mean 38.5%, median 38.0%). Hospitals with higher proportions of BSN nurses tended to be larger, major teaching hospitals and high-technology facilities.
RESULTS
Individuals with ADRD undergoing surgery were on average older, had more comorbidities, experienced more postoperative complications, and had longer lengths of stay than those without ADRD (Table 2) . Individuals with ADRD were more likely to experience complications including psychosis, seizure, pneumonia and respiratory compromise, gastrointestinal bleed and blood loss, sepsis, gangrene and amputation, renal dysfunction, and decubitus ulcer (Supplementary Table S1 ). Individuals with ADRD undergoing surgery had an overall mortality rate of 8.0% and a failure-to-rescue rate of 11.6%, compared to a mortality rate of 2.8% and a failure-to-rescue rate of 7.1% for those without ADRD.
The first two columns of Table 3 show odds ratios (ORs) representing the direct effects of ADRD and BSN education, separately, on 30-day mortality and failure to rescue. Controlling for hospital, procedure, and individual characteristics, individuals with ADRD undergoing surgery were 88% more likely to die within 30 days of admission (OR51.88, 95% CI51.78-1.98), and 53% more likely to experience failure to rescue (OR51.53, 95% CI51.45-1.62) than those without ADRD. For all individuals undergoing surgery, each 10% increase in the proportion of nurses holding a BSN degree or higher was associated with 6% lower odds of death (OR50.94, 95% CI50.92-0.97) and 6% lower odds of failure to rescue (OR50.94, 95% CI50.91-0.96).
The last column in Table 3 shows ORs representing the interaction effect of ADRD and BSN education on our outcomes. Although receiving care in a hospital with a greater proportion of BSN nurses was significantly associated with 30-day mortality and failure to rescue for all individuals undergoing surgery, our interaction models suggest that individuals with ADRD are more sensitive to the variation in BSN education. Controlling for hospital, procedure, and individual characteristics, we found significant interactions between BSN education and ADRD for mortality (OR50.95, 95% CI50.91-0.99) and failure to rescue (OR50.95, 95% CI50.91-1.00). We then used the interaction effects to compute the ORs for 30-day mortality and failure to rescue for individuals undergoing surgery with and without ADRD. We found that each 10% increase in the proportion of BSN nurses was associated with 4% lower odds of death (OR50.96, 95% CI50.93-0.98) and 5% lower odds of failure to rescue (OR50.95, 95% CI50.92-0.98) for individuals without ADRD undergoing surgery, but 10% lower odds of death (OR50.90, 95% CI50.87-0.94), and 10% lower odds of failure to rescue (OR50.90, 95% CI50.87-0.94) for individuals with ADRD undergoing surgery.
To help put these ORs into context, Figure 1 depicts the differences in predicted probabilities of death and failure to rescue for individuals with and without ADRD at hospitals with varying proportions of BSN nurses. To the degree that these relationships are indeed causal, these findings suggest that an increase in the proportion of BSN nurses in a hospital from 20% to 80% would be associated with 7 fewer deaths and 17 fewer cases of failure to rescue per 1,000 individuals without ADRD. By contrast, this same change in the proportion of BSN nurses would be associated with 35 fewer deaths and 51 fewer cases of failure to rescue per 1,000 individuals with ADRD.
DISCUSSION
Our analysis sought to determine whether having a greater proportion of BSN nurses could mitigate some of the heightened mortality risk that individuals with ADRD undergoing surgery experience. We found that, although all participants benefitted from being cared for in hospitals with more BSN nurses, the effect was greatest for those with ADRD. For 30-day mortality and failure to rescue, individuals with ADRD undergoing surgery had greater reduction in odds of each outcome with each additional 10% of BSN nurses than individuals without ADRD. Our results for all participants combined were similar to what has been previously reported in the literature. 31, 32 Individuals with ADRD are a particularly vulnerable and clinically complex population that requires close surveillance and diligent nursing care to prevent complications and intervene quickly when complications arise. In our study, individuals with ADRD were older, had more comorbidities and longer stays, and experienced more complications than those without ADRD. Because of this complexity, individuals with ADRD require care from nurses who are able to think critically, synthesize and analyze large amounts of information, problem solve, and coordinate multiple aspects of care with interdisciplinary colleagues. BSN degree programs emphasize these competencies and, thus, may better prepare nurses to care for these frail, vulnerable individuals. 43 Compared to those without ADRD, individuals with ADRD undergoing surgery experience more complications, demonstrating their clinical complexity. This clinical complexity translates to greater costs, with average inpatient expenditures for Medicare beneficiaries with ADRD being more than triple those of beneficiaries without ADRD. 16 Our results suggest that, even once individuals with ADRD develop complications, they are less likely to die in hospitals that have more BSN nurses, even controlling for other hospital characteristics such as teaching and technology status.
One complication that was particularly prevalent in individuals with ADRD was psychosis, which affected only 1% of individuals without ADRD but nearly 18% of individuals with ADRD. Delirium, a common cause of psychosis, increases morbidity and mortality in individuals with ADRD [8] [9] [10] [11] and provides a good example of how comprehensive nursing care can mitigate risk. Nursing interventions including risk assessment, environmental modifications, early mobilization, reorientation, nutritional support, and other individualized interventions can help to reduce the incidence of delirium and minimize its effects when it occurs. 44, 45 Similarly, close surveillance and nursing interventions can prevent or reduce the effect of other complications individuals with ADRD are likely to experience such as pneumonia, pressure ulcers, and falls. 25, 44, 46, 47 This suggests that the role of the nurse is not only to prevent complications, but also to protect the individual against further deterioration when a complication arises.
In 2010, the Institute of Medicine released its landmark Future of Nursing report, 43 which recommended increasing the percentage of nurses with BSN degrees in the workforce to 80% by 2020. One of the primary arguments behind this recommendation was to prepare the nursing workforce to address the growing complexity of individual needs and care environments in an aging population facing increasing challenges from chronic disease. Our findings support this argument by demonstrating that a population known to be vulnerable and clinically complex is particularly sensitive to variation in BSN education.
Limitations of our study include its cross-sectional design, which prevents us from drawing conclusions about causality between BSN education and mortality in this population. Additionally, we are using older data, although we have no reason to suspect that the relationship between BSN education and mortality has changed over time. The relationship between these variables has remained fairly consistent at different time points and in different settings in other studies. [30] [31] [32] 34 We also relied on claims data to identify clinically diagnosed dementia, which may have resulted in some individuals with false-positive and falsenegative ADRD diagnoses being included in our sample. Although it is debated which diagnostic criteria are appropriate for dementia, 16 the CCW algorithm for ADRD was validated against clinically diagnosed dementia cases in the Aging Demographics and Memory Study cohort of the Health and Retirement Study and had a sensitivity of 0.85 and specificity of 0.89. 37 Finally, we were unable to control for functional impairment in our sample based on the data sources we used. Functional impairment is an important component of frailty, 13 which itself is an independent predictor of postoperative complications, 12 but there are few variables available in administrative claims data to measure this. 48 To account for added patient complexity beyond the individual comorbidities, we controlled for multimorbidity, which is also a determinant of frailty. 49 In conclusion, individuals with ADRD undergoing surgery are more likely to die within 30 days of admission and to die after complications than individuals without ADRD undergoing surgery. Being cared for in a hospital with more BSN nurses is associated with lower odds of 30-day mortality and failure to rescue for all individuals, but the effect of BSN education is strongest in individuals with ADRD. As the population ages, hospitals will be faced with the challenges of caring for a rising number of vulnerable and clinically complex patients with ADRD. Our findings suggest that transitioning to a largely BSN workforce, as the Institute of Medicine recommends, would contribute to improved surgical outcomes for this population.
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